


FOREWORD 

Pathfinder is a research and technology initiative by the National 
Aeronautics and Space Administration (NASA) which wil l  strengthen the technology base 
of the United States civil space program and provide options for potential future space 
exploration missions. These missions may include an intensive study of the Earth, a rem 
to the Moon, piloted missions to Mars, or the continuing robotic exploration of the Solar 
System. Pathfinder is managed by the NASA Office of Aeronautics and Space 
Technology, to advance critical technologies for these missionS and ensure technology 
readiness for future national decisions regarding exploration of the Solar System. 
Pathfinder extends the technological foundation being established by the Civil Space 
Technology Initiative, which focuses on advancing a family of technologies for 
transportation to and operations in near-Earth orbit and supporting science activities. 
Pathfinder looks toward longer-term missions beyond Earth orbit and into the Solar 
system. 

Four major thrusts of Pathfinder are Surface Exploration technology, In- 
Space Operations technology, Hums-in-Space technology, and Space Transfer 
technology. The Space Transfer thrust will provide the critical technologies needed for 
transportation to, and return from the Moon, Mars and other planets in the Solar System. 
A key element of this thrust is the High-Energy Aerobraking Program which will provide 
the technology base required to perform high-velocity aemcaptm and aeromaneuvering, 
with resultant substantial reductions in mission LEO mass requirements. 

This Program Plan describes the goals and objectives, management plan, 
technical, approach, resources and financial management plan, facilities plan and technology 
transfer planning for the High-Energy Ambraking element of Pathfinder. For additional 
information on the High-Energy Ambraking Program, please contact: 

NASA Office of Aeronautics and Space Technology, 
Aerodynamics Division 
Washington, D.C. 20546 
Phone Number (202) 453-2820 
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SECI'ION 1 

1.1 Program cosls & Objectives 

The long-term goal a f t k  Pathfiader High-Energy Aerobraldng Program is to 
developaade~n~yvalidate~yDchadogiesdratwillenabletheuseofaerobrahn - gfor 
robotic and piloted missions to Mars and other nlated planetary exploration missions. In this 
program, emphasis will be place on tk develapmnt of advanced, computational techniques and 
validation of tbese techniques to the extent possible tinough ground-based experimentation. The 
definition andcxxductofflight tests will provide v- - of all key, highcnergy aerobralring 
technologies. 

1.2 Organization and Management 

The High-Encrgy Acrobraldng Program will be planned and impltmenttd in two 
broadly defined phases. Phase I will be a research and technology development phase. It will 
result in the definition of selected aeroassist vehicle concepts and the definition of flight 
experiments. (wase I falls within the next five years, FY 1989 through FY 1993, and was 
budgeted in the Fy 1989 pathfinder -.) Phase II is projected as a technology 
de~ lra t ionphas t , c~g inanappropr ia te  acxdmhn * g flight eXperiment(s). Figme 1.1 
provides the program work brcaLdown !strmme (WBS). 

High-Energy Aerobraki  71 

Figwe 1.1 Pathfinder High-Energy A e r o b M g  Pmgram Work 
Breakdown Structure 
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-High-Energy AerobraLing Programwillbe lllanagedbyaPmgramManagcrin 
the Aerodynamics Division (RF) of the Office of Aeronautics and Space Technology (OAST). 
coardinationbctweentbevariousdisciplinceff~withinthep.ogramwiubepro~tbnwgh 
a High-Energy Aembmkm g "managcmnt oversight committee" comprised of representatives 
fnnn the approPriaa OAST discipline Divisions, and the pathfinder Program Manger. 
Responsibility for Fltld cenha assignmnts, project plan applrovals, and funding allocations will 

program, alead Center willbe as- daTechnobgy Project Manager appointed at that lead 
Center. Technology project planning, integration, and npOrting will be performed by the lead 
field Center Technoiogy Project Manager. Figure 1.2 illustrates the Phase I High-Energy 

with the RF High-Energ~ Aerobralring Program Manager. F a  each phast af the 

AeXdXihl - g P r o g r a m ( ~ t t c h n 0 l o ~ ~ ) ~ ~ n t ~ .  

1.3 

High-Energy Asrobraking 

! 

Figure 1.2 pathfinder High-Energy Aerobraking Program Management 
StNCtUt? 

Schedule and Deliverables 

By the completion of Phase I, critical ttchnologies wil l  be developed to thc point of 
defining reasonable margins in aerobraLe configurations, aerodynamics, aerothermodynamics, 
flight mechanics and controls, and TPS designs. Improved computational flow codes for both 
Earth and Mars atmospheres, and engineering design and configuration optimization capability 
will be available. TPS design trades will be completed, and materials, cooling mechanisms, and 
structural concepts developed and evaluated Advanced control algorithms will be established 
and adaptive GN&C systems validated. As a result of the above, baseline vehicle concepts, for 
both a piloted Mars mission and for an MRSR mission, will be defined. 
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At the completion of Phase IT, all key high-energy aerobrak.ing/-uvering 
technologies will have rcach a state of maturity that wil l  pennit a high-energy planetary mtum 
flight eXperimnt (PRFE) to be defined and conducted. To the grcatcst extent possible, this 
exptrimnt will be built on the Civil Spacc Technology Initiative's (CSWs) Aemassist Flight 

hardwaxeandinstnrm ntation. The design, devclopmnt, sugport (i.e., =-u 
designs, selection aad developmmt of flight instrumentation, etc.) far a planetary aerobraking 
experimnt to "piggyback" on the MRSR mission wil l  be completed during Phase II of the 
Program, 

A &tailed fiveyear schedule associated with Phase I technology development is 
provided in Section 5. Eve-year milestones from that schedule, including FY 1989 milestones 
are listed in Table 5.1. Figure 5.2 provides a top-level schedule for a projected two phase, 

Expcrimcnt(AFE). Thiswillinchi&AFEexperiemxs,fightdata,andwhue - ,flight 

10-year High-Encrg~ Aerobrahn ' gRognua 

1.4 Resources 

Resources nxpimncnts, including both funding and NASA workforce for the first 
five-- &e., Phase I, technology development) m pmvidcd in Table 1.2 Estimated funding 
levels requind to support the High-Energy Ambraking Program through Phase II, technology 
demonstratiodflight experimentation, are provided in Table 1.3. Resources as currently 
allocated in the no S u p p o r t  the Phase II pgram. 
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SECTION 2 

INTRODUCTION 

2.1 Pathfinder Program Overdew 

pathtinder is a N a t b d  Amuautics adspace Adaninistratr ‘on (NASA) initiative to 

does not, in itsclf, represent a commitment to any particular mission. However, through 
Pathfinder NASA’s o&ce of Aeronautics and Space Technology (OAST) will develop a variety 
of high-leverage technologies that can bc applied to a wide range of potential future NASA solar 
system exploration missions. pathfinder is organhi  into four nsearch and aechnology program 
areas: (1) Surface Exploration, (2) In-Space Operations, (3) Humans-In-Space, and (4) Space 
Transfer. The High-Energy Acrobrakhg Program is one of the three sub-programs in the 
PathfinderSpaccTrandertechnohgythrust Additioaalinf~monPathfindcrcanbefound 

develop critical capabilities to support the film of thc U.S. civil space program. Pathfinder 

inthe- 

2.2 Document Purpose and Scope 

p g r a m  plan is topvide tbc --Space Human Factors 
Program. The objectives of this document arc: (1) to provided traceability to missionderived 
technology requiremnts, (2) to specify the top-level work bmakdown structun, (3) to define 
technical goals and objectives for the program and its majar work packages, (4) to define the 
management responsibilities and accountability, (5) to establish resource allocations, and 
associated schedules, destoms, and &livembks, and (6) to document long-range pathfinder 

Thisdocumemtisthe . - . Thepurposeofthis 

High-Emrgy A e ~ ~ h k ~ n  * gProgramPlanning- 
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SECIlON 3 

HIGH-ENERGY AEROBRAKING 
PROGRAMOVERVIEW 

3.1 Mission Studies and TecBnology Requirements 

NASA's planning for the htm exploraton ofthe solar system include bath piloted 
and robotic missions to Mars. The success of these mission will depend upon maximizing 
non-piopellent mission mass in low Earth orbit (LEO), on the plaaetary d a c e ,  and forrcturn m 
Earth. At each of these mission stages, total mission mass, and in particular non-propellent 
mission mass, is limited by curzent launch vehicle capabilities. A key, enabling technology to 
reduccpropellant massquiFcmntsis t h c d e v c ~ n t  and use of acTobraklll * gtechniquesrather 
than xtro propulsion to achieve deceleration for orbit modification (transition from an elliptical 
transfer to acircularorbit) atMars, as well as atretuxn to Earth. 

In thecascof a samplereturnmission, the useofaerobraldng at Mars rtducts the 
mass requirCmnt to be & l i d  to LEO by 50 percent over an all propulsive capaac. The case 
of a piloted Mars mission is more complex and the mass savings depends on the mission launch 
date, and whether the vehicle is configured for zero gravity or artificial gravity. Given a zero 
gravity spacuxaftconfigumion, therequiredmass-to-LFiO for an all-propulsive mission would 

mass savings (or incnasad payload) capability associated with aerobraking is therefore very 
significant. 

Inordermpplananacrobrahn ' g technology program, selected exploration mission 
scenarios must be examined in sufficient detail to de- specific aperational and technology 
development requhmnts  that will dictate the &sign of aerobrakng/aerommeuvering vehicle 
configurations. Various mission parameters such as allowable transit times, spacecraft t h e d  
control, desired parking orbits, landing sites, time on planetary surface, required delivery 
masses, acceptable G-loads on the crew during planetary entryEarth reentry following a long 
period of space flight, must be quaniikd as to their effect on the overall design and optimization 
of aerobxake configurations. 

be 2-to-4millionpounds compand with 1-to-2 million pounds for an acrobrahn * gmission. The 

3.2 Technology Assessment 

At present., no c m n t  validated atrobraking capability exists. The Ap l lo  and 
Shuttle experiments, with a simple blunt configuration opp*rating over a n m w  xwntry conidor, 
provides a very limited database relative to aeromaneuvering/aerobraking techniques. 
Establishing this capability requires that a number of critical technologies and key issues be 
addressed. Effects of long-term exposure to a themml protection system (TPS) to the space 
environmnt have not been precisely defined In addition, ablative and nun-ablative Tps designs 
that will accommodate very high velocity and/or high enthalpy flow conditions have not been 
evaluated or developed. The ability to computationally simulate "new" atmospheric constituents 
such as carbon dioxide, nitrogen and argon have not yet been developed. In general, high-speed 
Earth reentry and Mars/planetary entry flight conditions must be better defined and understood. 

-8 - 



The ability to i d e n w  and compe~satc for large variations and fluctuations, in both Earth and 
Martian/planetary atmospheric densities, is nctded; but fault-tolerant, real-time, adaptive 
guidance, navigation, and control (GN&C) have not been defined ordevelopd 
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3.3 Program Gods and Objectives 

The 1 m g - m  goal of th~  High-Encrg~ Aerdnahn * g Program is: to develop and 
validate the key technologies aetdcd to enable the use of ambraking for robotic and piloted 
missions to Mars and orherrelated exploration mission scenarios. 

This god will be achieved through the accomplishment of the following program 

Develop advanced coinputatid fluid dynamics (CFD) codes for pdicticm 
of aerodynamics and amheating endnments for both planetary entry and 
high-energy Earth nxntry conditicms. 

Develop andvalidatc Eault-tolerant guidance, navigation andcontFol 
(GN&C) technologies for planetary entry and high-energy Earth 
-g- 

Defiaeandevaluateadvancedthermal~ * systan(Tps)=-, 
and acrobraLt s t ~ c t u f e  &signs. 

Overall vehicle configuration analyses and system design trades, which will be used 
to integrate discipline objectives, will be supported by appropriate ground-based 
experimentation. Baseline vehicle concepts for both a piloted Mars mission and a Mars Rover/ 
Sample Return (MRSR) mission will be defined 

In the long tum, flight e x p e b n t s  - one to validate high-energy aerobraking at 
Earth return (i.e., Plauetary Return Flight E x p e e n t  (PRFE), as well as possible collaboration 
on the MRSR mission to demonstrated planetary entry aerobralring - may be conducted. The 
p r o g r a m  will thus pnwide flight verification of all key high-energy aerobraklll - g technologies and 
establish an important fundamental database appropriate to a wide-range of aerobraking 
applications. 

3.4 Technical Approach 

The Pathfinder High-Energy Aerobraking Program will encompass a broad range 
of technical disciplines, each at varying levels of technology readiness and maturity. As a 
consequence, the technical approach to implementation will involve a family of related 
discipline-directed efforts, coordinated through a Headqumers/hter-Center working group. 

- 9  - 
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Fundamental research, in the areas of TPS and Bero/aerothedynamics, will be balanced 
against m focused effw in GN&C algorithms and systems developnxnt. 

overall programmatic and technical coodimtion will be achieved through initial 
mission analyses and nquiremnts studies, later evolving to detailed system design trades, and 
integration studies. These activities will lead to and support the eventual development and 
c o n d ~ o f ~ a e r o b r a h n  . gflightvalidationexperimats. 

in configuration veftatility, arrodynamics, atrothermodynamics, flight mechanics, and TPS. 
Improved coinputatid fluid dynamic (0) flow codes for both Earth and Mars atmospheres 
and enghecring design capability will be established. TPS design tradcs will be campleted and 
materials, cooling mechanisms and structural concepts developed and evaluated. Advanced 
control algorithms will be established and adaptive GN&C systems vaMated. As aresult of the 
above, baseline vehicle concepts will be developed, for both a piloted Mars mission and a Mars 
Rover/Sample Return (MR!jR) mission. 

The information obtained fkom the High-Energy Aerobraking Program, 
c ~ ~ ~ n ~ b y t h e d a t a ~ ~ t f i e A ~ s i s t F l i g h t E x p e r i m n t ( A F E ) ~ ~ ~ o f  
the Civil Space Technology Initiative (0, wil l  pnrvidt a significant generic database for all 

afundamntalundamdm - gofaemheam * g mchanisms that wil l  be valid forhtme high-energy 
Earth entries. Likewise, advanced TPS mamials,  GNBiC, and other technologies, wil l  be 
validated by the data productd in the flight experiment(s). These technology developmnts m 
critical to fimm design and selection of such systems, and will directly influence the optimal 
choice of =hick acrobralrt size adumfigudon. 

oitical~~o~willbedevclapad,tothcpointot&finingnasonablerrmrgins, 

iterobrakcapplicatians. Thisprogramwillvalidatepredictiveandanalysismthods,andpvi& 
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SECIION 4 

ORGANIZATION AND MANAGEMENT 

4.1 Overview 

TheHigh-Energy Aerobrahn ' gPrOgramwillbeplannedandimpl~ntedintw0 
bmadlydefhedphasts. ThefkstwillbeaTechnologyDcvclapmentPhase. Tbtproductofthis 
phase will be the dcvelopmnt and maturation of kcy technologies, the definition of stlcctcd 
aeroassistvehicleCoMXpMazbdconfigutarions,andthe&finitioa~nq~flightexperiments. 
The second phase will be a Ttchnology Demonstration Phase, culminating in the conduct of 
appropriate- * g flight experiments. (wrmst I falls within the next five ycars, FY 1989 
through FY 1993, and was budgeted in the FY 1989 pathfinder.) Phase II is 

experiment(s). 
projected as a technology demoastraticm phase, culminating in an appropriate aemtmkm - gflight 

4.2 Work Breakdown Structure 

phase I of the High-Energy Aerobraking Program is divided into four major 
discipline axeas and the definition of potential flight tests. The m a .  work packages are: (1) 
mission and vehicle concept studies, (2) aerothermodynamics, (3) guidance, navigation, and 
control, (4) materids and structuns, and (5) flight test &finition. Figure 4.1 provides an 
overview of the program work bnalrdown structum. As the program moves from Phase I into 
Phase II, the work breakdown strucme (WBS) wil l  change to reflect thc changing nature and 
CharacherOfthCprogram. 

Figure 4.1 Pathfinder High-Energy Aerobraking Program Work Breakdown Structure 
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4.3 Management Structure 

The High-Emrgy Aerobraking Rogramwill be managed by ahgram Manager in 
the Aetodynamics Division 0 of the Office of Aeronautic s and Space Tech logy  (OM"). 

a High-Energy Aerobrahn g "management oversight committee" comprised of representatives 
from the appropriate OAST discipline Divisions, and the Pathfinder Program Manger. 

P h m  I Hi&-- Acrobrahn . g h g r a m  (andtechnologyprojoct) managcLIlcnt structu~c. 

coordination  thev various disciplintefforts within the p l o g r a m w i l l  b e p * w g h  

Responsibility fmFiild Center assignmnts, project plan approvals, and funding albcatm swill 
remain with tbe RF High-En- AerobraLiag Prognun Manager. F i g ~ r e  4.2 ill~stratts the 

Figure 4.2 Pathfinder High-Energy Aerobraking Program Management 
" 

ij 
I -  

For each phase of the program, a lead Center will be assigned and a Technology 
Project Manager appointed at that lead Center. NASA Centers will be designated to implement 
specific tasks within the technology project. Technology project planning, integration, and 
reporting will be performed by the lead field Center Technology Project Manager. The Phase I 
Technology Project lead Center will be the Langley Research Center (LaRC). Participating 
NASA field Centers will include: LaRC, the Johnson Space Center (JSC), the Ames Research 
Center (ARC), and the Jet Propulsion Laboratary (JPL). 

4.4 Program Coordination 

Within OAST, the High-Energy Aerobraking Program will be technically 
coordinated in detail with the on-going CSTI AFE sub-program. This p 5 m  will also seek 

- 12- 
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COOrdllliitZOn with spact computing technology developments. (This coordinatian, primarily with 
the OAST Information Sciences and Human Factors Division, "RC", will be impartant for 
aerobraking approaches that could require advances in real-time, on-board processing 
capabilities.) The program will also be coardinated with the OAST Propulsion, Power and 
EnergyDivisioa(RP)inthcat#laBvtbicle~~~on~ti~. 

the Office of Space Flight (OSF). Also, in addition to mission analysis and nquircments 

piloted exploration mission definition sadies of the Oflice of Exploration ( O m )  and (2) the 
MRSR mission study bcing colpdllchcd by the Office of Space Sciemx and Applications (OSSA) 
Solar System Exploration Division (EL). Specific mission studies or oppommities for mission 
enhancements, through technology applications, wi l l  be recommended to those offices. 
coordination will be maintained with the relevant aspects of the Department of Defense's 
@OD's) Programs. 

. .  

Externally, thisprogeamwillbe gedycoordiaated withappropriatepersorrnelin 

definition with the High-Encfgy Aerobralun g Program, this effort will be COMdinated with (1) 

P r o L 3 d Y ,  the p r o g r a m  will be coordinattd with the other subprograms in 
pathfinder through the pathfinder Program Manager and through the appropriate OAST 
sub-pgmm managers. In particular, coordlI18tl . 'on will be maintained with the Autonamous 
L a n d e r ~ g r a m a n d t & A u ~ R e n d e z v o u s a n d D o c k i n g P r o ~  

4.5 Program Planning and Documentation 

five-year, technology development first phase of the effort, This plan will be developed and 
maintained Coaperativcly among the participating NASA field Centers and OAST. The lad 
Center will be responsible for coodiming the activity and producing the final document. The 
authority to resolve conflicts will reside with the RF Program Manager and the Headquarters 
"management oversight committee". The Technology Project Plan will determine exclusively 
program content, Center responsibilities, resou~cc allocation, and milestones. The pgram will 
be formally reviewed each year. During these review, there will be an opportunity for each 
Center to participate within their particular arcas of expertise, thus the project plan will be 
modified as requircd. A project plan for Phase 11 of the program (technology demonstration) will 
be devekped at the completion of F%ase I. 

A detailed Tec- Probct Pipn will guide the 

4.6 Program Reporting 

4.6.1 QuaraeriY S-Reporc 

Program qor t ing  documentation will consist of, at a minimum, quarter technology 
project repurts, submitted to the OAST HEAb Program Manager. These reports will track 
progress against Level 1 and Level 2 milestones and schedules. These reports will also identify 
and track any problems and/or issues, as well as potential corrective actions. 

4.6.2 AnnUalRepart 

An annual report will be prepared by the lead Center, summarizing the year's 

- 13- 
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accomplishments and progress toward achieving approved technology perfarmance objectives. 
The annual repost will also idenm key activities for the next fiscal year. 

4.7 Advisory Committees and Working Groups 

As with all sub-programs within the Pathfinder Program, the High-Energy 
Ambraking Program will be subject to periodic reviews within the existing NASA Advisory 
Camrnithee strumre. Spccifacally, these nviews will include program status reports to the Space 
Technology Advisory Committee (SSTAC) on an annual basis. As noted previously, the 
program will be subject to top-level oversight and dkction by the OAST HEAb Program 
Manager, wopking through tbe Headquarters management oversight d m .  On occasion, ad 
hoc warking groups may be formed to assist in the Iesolution of specific problems andor issues. 
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SECIlON 5 

TECHNICAL PLAN 

5.1 Overview 

Th~H@i-~AerobrakingprOgramttchnicalplanisorganized~gth~ 
program work breakdown suuctuzr: (WBS). Figme 5.1 provides the current HEAb WBS.) It is 
divided into five mjo r  work packages that correspond to the four discipline areas, plus the 

Details ofthe content of t a c h  work package m provide in the Phase I, technology 
development, Technology Project Plan. This includes objectives, technical approach, 
description, schedule and milestones, deliverables, and resource allocations. Details regarding 
the overall technology performance objectives and ttchnology Eadiness objectives are also 
contained the Technology project Plan. The following section provides a brief description of 
each workp&age ami including potential msk a m s  and s u k h n t s .  

llflight test definition" sea. 

5 -2 Mission and Vehicle Concept Studies 

Studies that have been carried out to date indicate that for minimumenergy 
trajectories, reentry velocities will be approximately 12 Wsec for the MRSR mission, and 
appximatc 14 km/= for a piloted Mars mission. The MRSR studies have addressed the 
aero-g phases of the mission (both Mars and Earth aerobraking) inconsiderable detail. 
Detailed studies of the aerobtaking phases of a piloted Mars mission are needed. High fidelity 
aerodynamics and entry-heating analyses art needed for a piloted Mars mission. M m  detailed 
studies of the Mars orbit-to-Mars surface phase of a robotic MRSR mission  ax^ also needed, with 
emphasis on the applicability of moderate-to-high life-to-drag ratio (WD) vehicles to Mars 
landing (i.e., aenwraneuvering vehicles). 

Most studies performed to date have assumed either Apollo-type or biconic-type 
aeroshell vehicles. Optimum vehicle concepts have no yet been identified for either robotic or 
piloted Mars m i s h  

5.2.2 Work Package Tasks 

The major tasks that will be perfomred as part of this work package element are: 

1. Vehicle Canccpt Studies, including 

- Configuration Aerodynamics, 

- Aembrake Vehiclflmsit Vehicle ~ ~ b i l i t y ,  

- Approximate Headng ANalysis, 
- Thelmal/!jtructuralconccpts, 
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- Enuycorridorsand~leratimpfiles, - Multiple pass aerobrake, and - Mars Orbit-mMars surface and Mars ascent studies; und 

5.3 Aerot hemodynamics 

5.3.1 Descriptiodseatus 

EquWnium fmbody flow-field analyses are relatively dvancxd, but are applicable 
to a limited range of geometries (moderate angle sphere cones, spheres, ellipsoids, 
hyperboloids). Most sophisticate cOmputational fluid dynamics (CF'D) codes were developed for 
Jovianentry (Galilee). Most Earth-entry analysis are old (circa 1970) and need to be updated. 
Nonequilibrium farebody analyses art prtsently undergoing rapid development for Lunar 
rementry (AFE) conditions. Aftcrbody and (more i m q t l y )  complete forcbody/afterbody 
flow-field analysis (except Galilto) involve only air with small ionization levels. The use of 
aerobraking in applications for planetary exploration, including Mars and other planets, wi l l  
require a knowledge of the high temperam praperties of other planetary gases, including 
significant ionhthn effects. Ia addidon, statO-05-theart ablation -w-field i n d m  
is in a relatively elementary state ofumksmdm . g. M m  sophisticate analysis is rtquircd for 
successful planetary exploration. Figure 5.2 illustrates the large differences between 
AFE/Aero-Assisted Orbit Transfer Vehicle (A-OW) flows and those for Earth-return 
aerobraking of a piloted Mars mission. 

5.3.2 WorkPackageTaslcs 

Thc major tasks drat will bepexfmmd as part of this work package element axe: 

1. ConfigurationStudies; 

3. progcrdes of shock-heated air with LIlDdcratc ionization; 

4. properties of shock-heated Mars atmospheric gases; 

5. Ablation aad ablation productin~~--field in&~n~; 

6. Unsteady, turbulent flows; 

7. Aerorhe~uxd~csdatabaseandCFDcodevalidationduoughappropriahe 
ground and flight testing; 

8. CFD analysis of facility flow conditions; and 

9. Advanced instrumentation development and operation. 

- 16- 
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5.4 Guidance, Navigation, and Control (GN&C) 

5.4.1 D e s u i ~ t a t u s  

The literaarre contains a number of highquality studies ofGN&C for amcapture 
missions dating back to the 19609. The mast recent studies address the GN&C aspects of 
aemcapmin comkkmble detail, and a~ associ8tcd with the MRSR mission. GN&C studies 
comparable to thosc done for MRSR concepts need to be canid out fur piloted Mars mission 
ccmcepts. The CSIl AFX studies 81t related, but have not addressed the high-cntry velocities or 
the range of vehicle types pertinent to high-energy aerobraking. At pnsent, the key issues 
appear to bc: (a) navigation q-nts for azmapm, (2) planetary atmospheric uncertainties, 
and (c) tk need for ~U~DMHIIOUS GN&C ntargeting capability. 

5.4.2 

1. 

2. 

3. 

4. 

5. 

6. 

5.5 

5.5.1 

WarkpackagcTasks 

The rn@ tasks that will be per€- as part ofthis work package element arc: 

Simuiaficmsoffault-tolerantavionicssuittaad~~, 

Navigation sc~lso~ a d  in-atmospbtre assessments; 

A m  control surface assessmnts; 

upgraded atmospheric modcling techniques; 

~ l l a ~ a c c u r a c y n q u i r e ~ t s ; M d  

Gencric d d  guidance systems analysis. 

Materials and Structures 

DeSaiptiOd!3tatUS 

Primary issues nlate to Tps concepts. Highentry velocities during Earth return 
will probably necessitate ablative heat shields far high-heating-rate portions of vehicles. 
Significant partiom ofthe vehicles may be protected with new, robust reusable insulators. Work 
started in the 1970's on reflective heat shields should be mvisited. Technology advances during 
the past decade make this type of head shield more competitive that the "standard " heat shields. 

5.5.2 Work Package Tasks 

The major tasks that will be pufonnexi as part of this work package element are: 

Structural design concepts, analysis, and optimization; 

Development of advanced TPS materials, including 

1. 

2. 

- 18- 
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. .  - Insulative(extcrdhnd),  

- cenunicddcompositts; 

- Ablative (~01- noncamlytic, highefficient 
(pyrolysis) cooled), 

2. Heatshieldresponseanalysis, 

- Catalytic effccts, ablatotts far Mars en-, and 

3. ArcjectandflightdwtJ 

- NewTpsmaterialsandstructms. 

5.6 Flight Test Definition 

5.6.1 DescriptiorJstatUs 

Currtnt studies show that Earthcntry aembraking for a Mars neturn vehicle 
involves a much morr: severe enay envirommnt than that associated with geostationary or Lunar 
returns. Not only arc the 8tTodyR8mic heating levels high (by at least an d e r  of magnitude), 
but also IEW phenomena arc introduced that are not significant for lower velocity entries. Far 
example, the high heating rates may well necessitate the use ablative heat shields which p t l y  
complicate flow-field analysis though massive ablation product injection into the shock layer, 
mixing layer processes, and the possiblity of early transition to a turbulent mixing layer. It is 
clear that ihghcnergy aerobraking is sufficiently different from geosynchronous Earth orbit 
(GEO) or Lunar returns that it cannot be addressed through a simple extension of the CSTI 
Aeroassist Flight Experimnt. (AFE is designed to obtain key flight data for Lunar and GEO 
return missions.) 

The objectives of this task are to define the flight requirements and develop a test 
strategy for the verification of the high-energy aedmlan ' g technologies. This task will asses the 
requiremetns of verification of the technologies and computer simulations beyond what is 
possible with wind tunnels, shock tubes, and arcjets. These requirements will be developed at 
both the system level (e.g., heat shield integrity, guidance per€immce, etc). The definition of 
the test strategy wil l  include an evaluation of the tset objectives with the test approach. The 
product of this task will be a definition of the highcnergy -braking technology verification 
requriemnts in the form of flight test objectives and a flight test plan, including cost and 
schedule estimates). (During the latter portion of phase I of this program. a pmper "phase A" 
study of a PRFE will be conducted to achieve these objectives.) 

5.6.2 Work Package Tasks 

The major tasks that will be perfarmed as part of this work package element are: 

1. Research flight experimnts, 

- 
- Quantum steps in flow field and Tps, 

Signficant steps in GN&C, and 

- 19- 
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- AFEphilo-hx 

2. Synergistic Pathfinder/MRR technology certification flight concern 

3. Vehicle cdfuaio~hnology validatioa fight9 
- axxdbte with possible piloted Mars mission advanced technology 

~~t (ATD) program; und 

3. "Piggy-W" technology experiment concepts as part of an early pilomi 
p mission^^ 

5.7 Five-Year Planning Summary 

5.7.1 schedule 

By the completion of Wast I, critical bechnologies will be &vel@ to the point of 
de-g reasonable margins in aerobrake configurations, aerodynamics, aerothermodynamics, 
flight mechanics and controls, and TPS designs. Improved computational flow codes for both 
Earth and Mars atmospheres, and engineering design and configuration optimization capability 
will be available. TP!3 design trades wil l  be completed, and materials, cooling mechanisms, and 
structural concepts developed and evaluated. Advanced control algorithms will be established 
and adaptive GN&C systems vakhted. As a result of the above, baselhe vehicle concepts, far 
both apiloted Mars mission and far an MRSR mission, will be defied. 

Thus, by the early l W s ,  the key technologies needed to enable the use of 
aerobraking for robotic and piloted mission to mars and related mission scenarios will be 
developed and (to the extent possible) validated through ground-based expereimentation and 
simulations. In a related activity, by 1994, the AFE sub-program of CSTI will provide impattant 
aerobraking data. In addiont, flight tests (PFGE) that could provide conclusive verification of all 
key technologies will be defined. A detailed five-year schedule/milestone is given in Figure 5.2. 

5.7.2 Milestones 

Milestones for the planned five-year, Phase I of the Pathfidner High-Energy 
Aerobraking Program are provickd in Table 5.1. 
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1. Definition of entry conditions, trajectory shaping, and candidate vehicle 
configurations for aerobraking at Mars and Earth. 

Complete vehicle assessment for Mars orbit to s d a c e  payload delivery. 2. 

3. Complete parametric studies of aerocapture vehicle configuration effects 
on payload. 

4. Optimal aerocapture vehicle design within constraints of heating, TPS, 
and G&C. 

1. Important flow phenomena defined. 

2. Test fa&@ instrumentation upgrade complete. 

3. Algorithms developed for 3-D benchmark codes. 

4. Wind-tunnel code validation data base complete. 

5. Ablation model completed and coupled to flow-field codes. 

6. Turbulence models incorporated into flow field codes. 

7. Computational chemistry prediction of transport and radiactive 
properties complete. 

8. 3-D benchmark codes complete and operational. 

1. Preliminary GN&C assessments completed for MRSR mission 
(complements Code Z studies), Manned Mars Mission, and related Code Z 
mission scenarios. 

2. Preliminary assessments completed for: (a) atmospheric navigation and 
guidance schemes; (b) multipass aerobraking; (c) impact of 
atmospheric and aerodynamic uncertainties; (d) GN&C laws; and 
(e) fault tolerance. 

Table 1-1. 
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3. 

4. 

5. 

6. 

7. 

HIGH-ENERGY AEROBRAgING 
FIvE-YEARMILESMlNEs (corn. 

Initial unified simulation capability with advanced (real-time, 
adaptive, etc.) tra,jectory/GN&C algorithms. 

Aerodynamic data base ( h m  wind-tunnel and ballistic range tests) 
complete. 

Fault tolerant avionics test bed operational. 

Integrated autonomous approach guidance and navigation accuracies 
and computational requirements defined. 

Integrated GN&C systems performance evaluated and fault tolerant 
architectures defined for MRSR, Manned Mars Mission, and related Code 
2 mission scenarios. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Complete evaluation of current AOTV TPS/structural design concepts for 
application to MRSR, Manned Mars Mission, and related Code Z 
scenarios. 

Complete evaluation of insulator performance for Mars and Earth 
aerobraking/entry . 
Experimental data base for ablation response and surface catalysis 
updated. 

Coupled Tpslstrudure design code, operational. 

Updated ablation and surface catalysis analysis validated by comparison 
with experimental data. 

Coupled TPS/stru&ud design carried out for preferred vehicle concepts 
for MRSR, Manned Mars Mission, and related Code 2 scenarios. 

Advanced TPS (insulators, ablators, ceramidceramic) developed for 
MRSR, Manned Mars Mission, and related Code 2 scenarios. 

1. Preliminary requirements assessment complete for Earth entry flight 
tests to address pivotal high-energy aerobraking technology issues. 

2. Completion of feasibility studies of HEAB flight experiments carried out in 
conjunction with MRSR, Phobos, and other early missions. 

Table 1-1. 



. 

3. Dedicated HEAB flight experiment defined. 

4. Vehicle certification/HEAB technology validation flight test (carried out 
jointly with Manned Mars Mission Project) defined 

Table 1-1. 
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5.8 Long-Range Program Plan and Options 

At the completion of Wase II, all key high-energy a e r o b r a k i n g / ~ u v c r i n g  
technologies will have reach a state of maturity that will permit a high-energy planetary return 
flight experimnt (PIWE) to be defhed and conducted. To the peatest extent possible, this 
experiment will be built on the Civil Space Technology Initiative's (CSTI's) Aeroassist night 
Experimnt (AFE). This will include AFE experienCts, flight data, and whae appopriate, fight 
hardwareandinstnunen tation. Tht design, development, and support (is., optimized Bcrosheu 
designs, selection ami development of flight instnunentation, etc.) for a planetary aembraking 
experiment to "piggyback" on the MRSR mission will be completed during Phase II of the 
Program. 

Therefore, by the late l!"s, advanced computational and design techniques and 
their support ground-test database will be in place to support aembraking mission &sign. Figure 
5.3 provides a 10-year overview of the High-Energy Aerobraking Program, including 
high-velocity Earth entry flight tests. 

I 
II 
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SECI'ION 6 

RESOURCES AND FINANCIAL MANAGEMENT PLAN 

Resource rtqUirements, including both funding and NASA workforce, for FY 
989 and the first5 years of the program are provided in Table 6.1 and 62, respectively. A very 

prelimhuy estirnab of funding levels nquired to suppuit the High-Energy Aerobraking h g r a m  
through Phase XI, technology demonstration & flight experiments, is provided in Table 6.3. 

Details of the FY 1989 and five-year are provided in the High-Energy Aerobralcing 
Project Plan, including funding and wmkfoxe allocations far the individual work packages. 

I 



RESOURCE REQUIREMENTS 

HIGH-ENERGY AEROBRAKING PROGRAM 

1989 

1.SM FUNDING 

NASA 
W- 
(WYNear) 

1990 1991 1992 1993 

4oM a m  14.0M 2O.OM 

1994 1995 1996 

=OM 50.m 70.W 

IBD mD IBD 

Table 1-2 PHASE - I ~CHNOLOGY DEVELOPMENT 

1997 1998 

!%.OM 25,OM 

IBD IBD 

RESOURCES 

FTJNDING 

NASA 
workfm 
(WYNear) 

Table 1-3 PHASE-I1 TECHNOLOGY DEMONSTRATION 
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SECTION 7 

C0NTRACI"G STRATEGY AND PLANS . 

Details of Contracting plans and the distribution between in-house, university, and 

However, it is anticipated that the balm==; 

research and test it~leas. 

hd~act iv i t ieswi l lbe~videdinthe  - 
contract and mt activities, with appropriate in-house support to be prr~vided in key and critical 
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SECIION 8 

FACILITlE!3 STRATEGY AND PLANS 
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